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1. INTRODUCTION

Recent interest has been shown in using a technique referred to as polarimetric phase
processing (or simply, p larimetric processing) for clutter rejection and target discrimination
in acquisition and fire control radars {1}, |2} |3}, [4]. The technique has also been called
pseudo-coherent detection (discrimination). A circularly polarized wave is transmitted, and
separate horizontal and vertical channels receive the return simultaneously. These two signals
are then mixed, using one channel as the local oscillator (hence. “pseudo-coherent™). The
resulting signal depends on the relative phase between the horizontal and vertical channels,
and this phase ditference is called the polarimetric phase.

The underlying assumption of the discrimination technique is that, for any given radar
range cell. the resulting polarimetric phase is a function of the transmitted frequency. For
example. if a frequency agile radar is linearly frequency modulated (LFM). then the measured
signal voltage at the mixer output is a function of time. If this time varying voltage is Fourier
analyzed. then the resulting spectrum contains frequencies which are characteristic of the

target clutter.

In the present work. target models are used to generate a mathematical analysis of the
output signal expected from polarimetric phase processing in an effort to determine the utility
of the technique for target acquisition. Fhe general thrust of this effort is toward tactical land
combat operations, where discrimination between threat targets (such as tanks) and non-
threat targets (jeeps for example) is desired.

In Section 2. a simplistic transmitter receiver system model is described. and the sign
convention for a circularly polarized wave is established. In Section 3. the polarization matrix
is introduced. and the matrix clements are related to the radar cross section.

Simple targets, consisting of flat plate type reflectors, are described in Section 4, and it is
shown that odd bounce reflectors. such as a flat plate or a trihedral corner reflector, reverse the
rotational sense of the circularly polarized wave.

A target model, in which the target is assumed to consist of a collection of even bounce and
odd bounce type reflectors, is developed in Section 3. An equation is derived which contains
the various contributions to the de signal expected at the mixer output, Some of the terms
show a sinusoidal dependence on frequency. while others are frequency independent. It is
shown that the interference cffect between cach pair of individual reflectors contributes a
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frequency to the Fourier transformed signal. For LFM, this frequency depends only on:
e The differe..ce in radar range between the two reflectors.

e The bandwidth of the frequency agile transmitter.

e The repetition period of the frequency span(thetimc during which the trzasmitter spans
the bandwidth). Thus. targets can be characterized on the basis of difference in distances

between major reflectors.

In the model developed in Scetion S, the targets were assumed to cause no depolarization,
That is, if circular polarization were transmitted. then any given reflector would return
circular polarization. InSection 6, dipolc-like targets are considered as reflectors which return
elliptical polarization (depolarized returns). It is shown that such reflectors do not contribute
frequency independent dc terms to the mixer output. Thus, to the extent that clutter can be
characterized as dipoles. the model predicts clutter rejection.

For comparison. an analysis of a svstem transmitting and receiving linear polarization is
developed in Section 7. 1t is shown that the frequencies obtained in the Fourier transformed
signal are the same as those obtained with polarimetric processing.

In Section 8. conclusions drawn from the analyses are given, and the usefulness of
polarimetric processing for target acquisition is evaluated.

2. CIRCULAR POLARIZATION

A simplified representation of the transmitter-receiver system used in polarimetric phase
processing is shown in Figure I. The output from a frequency agile oscillator is divided and
sent to horizontal (H)and vertical (V)channels, The phase of the horizontal channel is delayed

by a 90 degree phase shift. It is assumed that the target is in the far-field of the antennas and
that the electric fields are planc waves. Using the right-hand coordinate system shown in
Figure I. the vertical component of the electric field incident on the target can be written
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Eo is the electric field amplitude, w is the carrier angular frequency, and k is the wave
number, which depends on the carrier wavelength, A, according to

k =2m/x . (2)
The horizonal component is

t_ - -L
Ey —Eooos (kz - wt 2) 3)

= E_ sin (kz ~ wt) . ) (4)

In vector form, the transmitted electric field is

t

E" = E_ cos (kz—mt)?qusin kz- wt) y (5)

> > . . . .
where x and y are unit vectors along the x and y axes, respectively. Figure 2a shows the

individual components of the electric field, and Figure 2b traces the tip of the total rotating

electric field vector about the z axis. This polarization, with the wave propagating in the
positive 7 direction, is defined here as right circular polarization (RCP).

For left circular polarization (LCP), the y component of the electric field leads the x
component, viz,

t. - (6)
Ex Eo cos (kz - wt)
t_ - A
Ey = Eo cos (kz - wt + 2) h
= -Ej sin (kz - wt) . (8)

3. THE POLARIZATION MATRIX

In order to relate the electric field incident on the target to_t}he field returned to the antennas,
the polarization matrix is introduced. The “received field™. E' is the plane wave impinging on
the antennas. assuming that the antennas are in the far-field of the target. If only the vertical
component E.' is transmitted, the received electric field can be written

t% by (9)
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a. Electric field components.

b. Tip of resultant electric field vector.

Figure 2. Right circularly polarized wave (RCP).
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where the a's are the electric field coefficients. The a,, coefficient is a measure of depolarization
since it represents the horizonal reflection obtained from a vertical transmission. A simple
example of a depolarizing target is a long thin wire in the x - y plane, but tilted at some angle
with respect to the vertical.

Similarly. if only the horizontal component is transmitted, the return can be written

> T t > t >
E "= x+a_ E .-
qyx By vy 'y ¥ (10

> r r r >
= X + E 11
E E, y Y (n
t t, 2 t t, 2
= E + a E x + (a + (12
(axx X yX ) ( Xy EX aYY EY Yy 12
1 In matrix representation. this is
r t
- E a a
: X XX yXx Ex (13)
r = t ’
E a a E
3 Y Xy Yy y
b4 where the two-by-two matrix is called the scattering cross section matrix. It can be shown that,
for the case where the receiving antennas and transmitting antennas are at the same location
- (monostatic radar), the matrix is symmetrical; a,, = a., |5} Settinga.,=a..a,, =a,.and a,,. =
a,, = ay (where d implies depolarization). the polarization matrix is
E
a a
} X d (14)
1 a a
- d y

In general, the matrix elements not only contain amplitude information, but also phase
information. For example. consider the case of two long thin wires, one horizonal and the
other vertical, but separated in range by a distance D. One received component will be shifted
in phasc with respect to the other by w ZTD .

It is clear that the electric field coefficients of the polarization matrix (a's) are related to the
target radar cross section (RCS). The RCS is defined by

. 2 g4 2
{ o = 111-1:: 4mR —I:-ﬁ-Ei- 5 (15)
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where:

= radar range,
electric field strength at the receiving antenna, and

e o o
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I

I

electric field strength incident on the target [6].

The infinite limit on the range R assures that the electric fields impinging on the target and on
the receiving antenna are plane waves. If the target is in the far-field of the radar and vice versa,
then. to a good approximation, Equation (15) becomes
2
2 | *| .
o = 47R I—g—tl—z (16)

or

g = Yo |zf]
Var B

Note that there is no phase information in Equation (17).

. (7

The above definition of RCS assumes that the receiving antenna can receive whatever
polarization that the scattcred wave possesses. If one breaks the plane waves into components
as before. then an “RCS matrix™ similar to the scattering matrix can be defined,

r

E t

X - 1 Yoxx Voyx _\ [ Px (18)
r - — — gt ’

Ey v4n R ‘/-cxy v’cyy v

where no phase information is retained. Thus, the magnitudes of the scattering matrix
elements are given by

NG
| = —=L (19)

la; .
13 v4nm R

For the monostatic case, the above notation can be simplified as follows:

' ’ 0
x Vit R (20)

’ 2l

)

d (22)
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The electric fields can be expressed in complex notation to facilitate the manipulation of
phase shifts. Let transmitted RCP be

Et=pRe {&Y) 23)
. . . Ly @
= Re { e kZ - wt) > . 3 (kz - wt - 71/2) 5

where E, = 1 for simplicity. Also for simplicity, the e”®" time dependence will be implied but
not expressed. so

jkz =jn/
it o= e {x+e 2 y } . (25)
Then
~J6 -3

r X .
£y a, © ag e d 1 . ej2kR

r | = =36 -38 m
£ d J -
Yy ag © ay e Y e 12 (26)

where the a’s are now amplitudes only, 6..6,. 6, are the corresponding phase shifts. and R is the
radar range to some reference point on the target. The phases have been related to that of the
transmitted signal at the antennas. so that z = 2R,

Equation (26) holds for all targets. no matter how complex. The polarimetric processing
involves frequency agility. however. and it is apparent that the a's and 8's of the polarization
matrix depend on frequency. and hence on time. in a complicated way. The analysis is
simplified if the complex target can be considered as a collection of simple. independent
reflectors. Then, the resultant phase shift can be found from superposing the returned electric

fields from all reflectors. For the i reflector in a given range cell,

(27
. eJZkRi




where R; is the range to the " reflector.

For a given range cell with n reflectors.

: n
; : .
e = 1 €& :
[ X i=1 Xj (28)
t n
¢ froyr - I £ r ) (29)
i=1 VY

4. SIMPLE REFLECTORS

b Consider now the polarization matrix for a few simple reflectors, beginning with a flat metal
' plate perpendicular to the incident RCP wave (see Figure 3a). The vertical component is
reflected totally vertical (i.e., there is no depolarization) but with a phase shift of 180
degrees at the plate surface. This phase shift is the result of the requirement that the electric

Ry

ficld inside a perfeet conductor is always zero. The horizontal component also experiences a
3 180 degree phase shift, and one would be led to believe that there is no net phase change
] between vertical and horizontal components. This is not the case. however, because the

propagational direciion has changed. In order to understand the phases scen by the antennas,
consider the primed coordinate systemin Figure 3b. With respect to this “antenna™ coordinate
system, it is casy to see that the reflected wave is LLCP. The net effect of the reflectionfrom the
view point of the antennas, is that one component has been shifted in phase by 180 degrees
relative to the other component. RCP will be changed to 1.CP, and vice versa. So. the phases

of the polarization matrix can be written

-1 0 (30)
0 1

Now. in prelude to analyzing returns from multiple bounce reflectors. consider reflection
from an infinite plate at an angle with respect to the plane of the incident wave (see Figure 4).

I'he vertical component of the transmitted wave is reflected as before with a 180 degree phase
shift. The horizontal component is broken down into two further components: i

e A component perpendicular to the plate, which experiences no phase shift

& A component parallel to the plate, which is shilted by 180 degrees

dera

As cian be seen from Figure 4. the reflected wave is still the oppaosite polarization from that

—ika

transmitted.
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INCIDENT WAVE

REFLECTED (RCP)

WAVE
(LCP)
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Figure 4. RCP incident at angle with respect to flat plate.

The above result shows that at every bounce from a surface, the sense of the polarization is
changed. For a dihedral corner reflector. the wave is returned in its original polarization. In
general. an odd bounce target changes the polarization sense: an even bounce target does not.

I'he polarization matrices (phases only) are:

(—l 0) for odd bounce targets, 30

0

( 1 0) for even bounce targets. (32)
1

5. TARGET MODEL

For a target model consisting of flat plates only (dihedral, trihedral corners, etc.), from
Equations (19), (26), (28), and (29), the reflected wave is given by

13
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X i=1 Vit R,
odd 1
bounce
reflectors

(REN

VA3 j2kR
m oxl e ) 2

+ 2 — s
=1 /g7 R
even )

bounce

reflectors

. W .

r _ rzx VPyi e—j 2 eJZkRi
Y i=1 VAT R,
odd 1

bounce

reflectors

(34)
. T .
+ rir:l “—oyz e‘J 2 e JZkRQ .
2=1 Van R9
cven d

bounce
reflectors

The -1 in the first term of equation 133y is the only effect of phase shifts due to reflection. In

-

Equations (33) and (34) above. the subscript *i7is used 1o denote odd bounce reflectors only.

while the subscript =) indicates even bounce reflectors. The RCS matrix elements. o. now
have two subscripts, the first indicating x or » direction. and the second indicating the

particular reflector.

The voltages at the miner mustnow be related to the electric ficlds at the antennas. Referring
to Figure 1. the terminal voltages at the antennas are related to the electric field vector at the
antennas by

V=E'§ . (35)

e el hfad aMEOm—E
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Lhe vector hoas delined as the effective height of a given antenna, i.e.. the effective distance

along the antenna over which the field acts. The complex voltages for identical ideal
'“‘ horizontal and vertical horns are
1
p- r
‘! vV, = & 36
: vy=h¢&, , (36)
e
£
’ 6
v, = h ¢ ’ (37)
1 H Y
I'he horizontal component is delayved by 90 degrees, so at the mixer.
-5 3
V. =héTe 2 ., (38)
H y
The output of the mixer is proportional to the product of the two voltages (neglecting

attenuation losses):

vV =V, V ’ (39)

where the constant of proportionality has been set to 1. Using Equations (33). (34). and (38).
Equation (39) becomes

h2 n V.Oxi jZkRi

Vm= an b} (- 1) e

i=1 i

odd

m \/ox2 j2kR2 .
+i g 1
£=1 £ :
' even :
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e e
i=1 Rl
odd
m o . j2kR
T :E};Z;J" o ' (40)
+ =1 2
even
- _ 1'1_3 ;;1 J %xi ejszi - I;Voxl J2kR,
Ti=1 Ry g=1 Ry
odd even
n o_. J2kR, m_ _/C j2kR
po V¥R U L pYye TR @
i=1 i =1 L
odad even

where in Equation (41) ¢”™ has been set equal to -1,

Consider now the two simple cases of a single odd bounce target and a single even bounce
target. For an odd bounce target.

h2 I% 2
Vm = - I 2 cos” (2kR - wt) , (42)
R
and for an cven bounce target
h2 9%° 2
V_ = h_ xy cos” (2 kR - wt) R (43)
m 4n R2

where the voltages are now real. and the time dependence is given explicitly. Since

cos2 (2 kR - wt) = % + & cos [2(2kR - wt)] , (44)

e e e s .




the de voltage component at the mixer output is

87 R2

for single odd bounce target

h2 oxo
T for single even bounce target.
R

Fora complex target consisting ot a collection of meven and n odd bounce reflectors (using

"1 und Up” Hor odd bounce retlector subscripts and ) and *q” to denote even bounce

reflectors) Equation (31 becomes

2l n n [o .0
v = -0 |3 r M X1 ¥P 55 (2kR.
m 4n]. R. R i
i=l p=1 i'p
odd odd
n m oxiovg
- wt) cos (2kR_ - wt) + I z R R, cos(2kRi
p i=1 =1 F
odd even
n m ﬁT‘TTf‘
- wt) cos(2kR, - wt) - £ I Y X2 Yi cos (2kR,
£ o - R. R i
i=1 =1 i g
odd even
m m T .0
- wt) cos(2kR9 - wt) - I L Y;;Z;;;Z_ cos(2kR£
’ =1 =] £
q q
even even
- wt) cos(2kRq - wt) . 47
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Using the formula
cos Acos B="/;cos (A-B)+':2(A+B),
keeping only the dc terms, and combining the two middle terms gives

h2 n 04i%vi
dc 8w . 2
i=1 Ri
odd
n n [6.0 n m
+ I b ——g—l%g—cos[L?k(R.—R)]'* z z
i=l p=1 ip 1 P i=1  g=1
odd odd odd even
i¥p
W - \/oyicxl m ,/oxnoyl
Y2
R R cos [Zk(Ri - Rz) ]-— z —3
i 2 =1 RIL
even
m m /0 o
- bX X N YA oo 2k(Rgy ~ Rq)
2=1 q=1 Rg Rq
even even *
L#q ' (48)

Upon examining Equation (48) term by term, one finds two terms with no cosine factors:

- }f- 2 —_—— Ox1oYi and h—z ? ~———L—OXEO L
m =1 Riz 8n 9=1 R22
odd even

These terms represent the “self-inteierence™ effects for each individual reflector in the
complex target. These terms are the same as found in Equations (45) and (46) for single
reflectors. The term

2 n n /o . g
- %F— T T __%i§XE_ cos 2k(Ri - R)
i=1 p=1 'i%p P
odd odd
i#p




T

represents the odd bounce reflectors interfering with each other. For the case of only two odd
bounce reflectors. this term becomes

h2 / OxloyZ + /Ox.zoy‘l_ .

8n
Ry R

Similarly, the term

2 m m  /OyeOxq

z z ~
=1 g=1 Rl Rq
even even
L#q

217

cos Zk(Rl - Rq)

represents the interference effects between even bounce reflectors.

The remaining term,

2 n m /0, .0 - JOyioy
- %‘; by g X1 g“ R Vo¥ioxy cos [Zk(Ri - Ry) "
i=l =1 i Te J
odd even

represents the interference between each even bounce reflector and each odd bounce reflector.
Note that if each reflector is symmetric with respect to RCS, i.e.. if o, = g, for all reflectors,
then this term 1s zero.

Recall that the wave number k is related to the angular frequency of the radar w by w = kc.
where ¢ is the propagation velocity. From the above terms it is clear that. if the frequency is
varied or stepped as a function of time, the “dc™ signal also varies as a function of time. This
time variation, however, is not only due to the fact that the cosine arguments are 4 function of
time. but also is due to the dependence of RCS on wavelength. For the flat plate type targets
(including corner reflectors) assumed in this analysis. the RCS for normal incidence is given by




&
k.

where A is the area of the aperture [7]. Using Equation (48) for two odd bounce scatterers with
aperture areas A and Ay gives

2 [a,2 a2
v = = h -—]; + 2
de 22 | Ry2 R22
2 A, A (50)
1 72
Assume now that the frequency increases linearly with time, (see Figure 5), so that
£
f=f +-—°-—_t,t<T, (5D
o T
f
'{'o + fg !
' i
| i
|
Tto
L
TJ — {
1 L A
T 27T 3T

Figure 5. Linear frequency modulation.

where:
e f. = starting frequency,
e i = bandwidth of frequency agile transmitter, and
e T = repetition period of frequency span.
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Note that a linearly stepped frequency is equivalent, as long as the signal is sampled once for
each step. The 1. A” gives a nonlinear decrease of the overall signal level during T. For f, = 35
GHz and fy = S00 MHz. this variation amounts to 2.8 percent. The information of interest, i.e.,
the frequency spectra characteristic of the target, is contained in

V. = cos [(2k(R, - R,) .
£ [ 1 2 ] (52)
Usi k = Lo = 2n £ Ives
sing P Jc gives
4n (R, - R,) £ t
r = 1 2 f, + _8 , (53)
Vf = cos [ c ( o T ) ]
which can be written
Ve = cos (2m f12 t + ¢) (54)
where ¢ 1s a constant phase angle.
47 (R, - R,)
¢ = 1 2 £ . (55)
c o]
and f. is the target characteristic frequency given by
2 R, - R b
£ = | 1 2 | B . (56)
12 c T

Note that this frequency is independent of the starting frequency fo. If, forexample,IR; -Ri =
1 m, fs = 500 MHz, and T = 3 ms, then f;: = | KHz.

From Equation (56). it is clear that the frequency spectrum of the received signal for a
complex target contains frequencies given by
2 | R, -R, | £
i

= J 8 (57)
fij c T ’

so that a given target can be characterized by the ditference in range

d;; = | Ry - Ry

ij 5 0 (58)

Rewe =4 - - . - - e -

L gt — =~




between individual reflectors. For example, a man-made target (vehicle) might consist of two

major reflectors separated in range by ~ 1 m. The clutter might consist of a large number of
randomly distributed reflectors whose d,. and hence f,, could be described by a gaussian
probability density, 2
2
p (fi’) = 1 e © (59)
] 2n 0O
where u is the mean frequency and o is the standard deviation of the distribution. Suppose the

clutter can be characterized as reflectors separated by a mean distance of 2m with a standard
deviation of 0.25m. Using the same numbers as before for the target (d)> = 1 m) and the radar

(fu = 500 MHz, T = 3ms), then the frequency spectrum will resemble Figure 6. The target can
be distinguished from the clutter if the difference between the target characteristic frequency

and the mean clutter frequency is large compared to the clutter frequency spread.

TARGET CLUTTER

AMPLITUDE

] I T
1KHz 2KHz 3KHz

Figure 6. Frequency spectrum for target/clutter model.

Similarly, if two different targets have sufficiently different reflector range characteristics,
then target classification, based on measured data at various target aspect angles, may be

possible.
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6. DEPOLARIZING TARGETS

Up to now, no targets which depduiarize have been considered; metal edges and thin wires
({dipoles) are targets giving depolarized returns. If the radius of curvature of the wire (or edge)
is small compared to the transmitted wavelength, then the RCS for normal incidence and

electric field vector parallel to the wire is
L
o~ 3 (60)

where L is the length of the wire |5]. If the wire is at an angle 8 relative to the vertical, the

polarization matrix is given by

r 2 : gt
& xi L. - cos" 6, - cosB,. sinb, x
i i i i
= == . . 2 £ ] (6D
r 27R, cosf,; sinb, sin” 0, E
. i i i i
&yl Y

for an odd bounce reflector; the minus signs go out foran even bounce reflector. It is expected
that. since the RCS of a wire is much less than that of a plate, the returns from multiple
bounces between wires, and between wires and plates, can be neglected.

For a collection of n wires,

n L. j2kR,
r _ _ i 2 i
ex -~ L 7R, cos” 8 e
i=1 i
(62)
. T .
n Li _ -] 3 jZkRi ;
- I TR, coSs 61. sin ei e e
i=1 i -
n L. j2kR,
r i . i
&y = .51 TR cos ei Sin ei e




The voltage appearing at the output of the mixer is

2 n L. 2KkR.
Vm = h—7 [ ) Rl e 1 <c052 ei
4 i=1 i
_j"
+ cos 6. sin 6. e /Z)J : (64)
i i :
n L. 2KkR. ~-jm
) %' e 1 (sin2 ei - cos ei sin ei e /2)
i=1 i
n 7.2
_ h2 L 12 cos2 0. sin2 6. cos2 (2kR, - wt)
T .2 |i=1 R, . . .
an i
n n L.L. -
+ z z RLRJ_ cos” ei sin2 6. cos (2kR
i=1 =1 §i%¥y J 1
i#3
2
n . 3
- wt) cos(2kR, - wt) - L —5 ¢€o0Ss~ 6. sin 9,
3 . 2 i
- i=1 R,
i
n n L.L.
cos (2kR. - wt) sin(ZkRi - wt) - z z Rl—RJ—
1 i=1 j=1 Ti%y
i#j
cos2 ei cos Gj sin ej cos(2kRi - wt) sin(ZkRj - wt)
n Liz 3
+ I —3 ¢cos 6., sin” 6, sin(2kR, - ot) cos (2kR, - wt)
i=1 R i i i i




PIIECT T B N M S e e

n n LiL’ 2

+ p) I 1 J cos 8. sin 6. sin® 6. sin(2kR, - wt)
L R: R. i i j i
i=l j=1 17j

i#j
n Liz 2 2 2
cos (2kR. - wt) - z 5 " cos ei sin ei sin (2kRi -~ wt)
J i=1 R,
i
n n LiLi
- .E ‘E . g, COS ei sin Gi cos ej 51n.6j 51n(2kRi - wt)
i=1 j=1 i)
i#J
sin(2kRj - wtﬁ . (65)

Using trigonometric identities and keeping only the de terms gives

h2 n n LiL. 2 2
Vee = o= I 2 ﬁ—ﬁl— cos® 6, sin® 6. cos 2k(R; - R.)
c 8m i=% j=l ity J J
i#)
2 . .

+ cos 8i cos ej sin Gj sin 2k(Ri - Rj)

+ cos 8. sin 6. sin2 8. sin 2k(R. - R.)

i i j i j

-  cos ei sin ei cos ej sin ej cos 2k(Ri - Rj)} , (66)

or
2 n n L.L.
Vie = %; Iz ﬁlil A;. cos 2k (R, = R.) + B_.
¢ i=1 j=1 "i7j J J J

i#j

(67)

sin 2k(Ri - Rj)J




_ 2 . 2 . ,
.. = \ . - . . . , (68
A1J cos 61 sin eJ cos 6l sin 6l cos eJ sin eJ (68)

2 . . .2
= . . . . . . J(69)
Bij = cos 61 cos ej sin 6J + sin 91 cos 91 sin 93 (

Notice that all of the “self interference” terms have gone out of the mixer dc output; a single
wire target gives no signal in polarimetric processing. If clutter can be characterized as being
more like wires (trees. long grass, etc.) and targets characterized more by flat plates and corner
reflectors. then the polarimetric processing technique should provide clutter rejection for the
general dc signal at any giVen frequency.

For the simple case of two wires. one horizontal and one vertical, the signal is

2 L,L
12 cos 2k(R, - R.) (10)
1R2 1

as one might intuitively expect. For the case of a collection of wire like reflectors which are all
oriented at the same angle. 6.

h2 n n LiL.
\ = —— sin 26 I g =23 sin 2k(R. - R.) . (71
dc T i=1 j=1 RiRj i j

i#j

Thus, for 8 =0 degrees or 90 degrees, there is no return. One can expect that for trees, weeds,
and tall grass which are approximately vertical. the frequency dependent dc terms are zero.
and this results in clutter rejection in frequency space. To the extent that clutter can be
characterized by randomly-oriented. dipole-like reflectors which depolarize. one can expect
some clutter rejection using polarimetric processing.

For an extension to the more general case of a targe: consisting of both wire-like and plate-
like reflectors, only the additional cross terms between Equations (62), (63) and (33), (34)
remain to be considered. It is obvious that the interference between each wire and each plate
target contributes a frequency to the spectrum.
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7. LINEARLY POLARIZED RADAR

For comparison, an analysis of a system transmitting and receiving linear polarization is
developed. For vertical transmit and receive, the electric field is given by

. n .
r_ ?1 Oxi eJZkRi . 22 chl eJZkRQ
x i=1 J4n R, 2=1  {an R,
odd bounce even
reflectors bounce
reflectors
n
3 L 2kR
+ z 5;%— sin2 em e m . (72)
m=1 m
wire-type
reflectoers

I'he output signal is found from squaring the voltage signal at the antenna.

_ 2 r,2
Vo = h° (g™,

Using the trigonometric identities, and keeping only de terms as before, gives similar results as
for polarimetric processing. There is a frequency in the spectrum resulting from the
interference between cach pair of reflectors, but there are now dc terms independent of

frequency resulting from the “selt-interference™ effects of the wire-like reflectors. For a
lincarly frequency modulated signal. the frequency spectra of the returned signal will contain
the
£.. = 13
ij c T (57)

as before, but the amplitudes now depend only onthe 6., clement of the RCS matrix. 1t should

.

be pointed out that the same “clutter rejection™ obtained for vertical trees, grass. etc. with
polarimetric processing can be achieved here by trunsmitting a horizontal linearly polarized

wave.
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8. CONCLUSIONS

For the flat plate/corner reflector target model assumed, Equatibn (48) shows that the
resulting signal can be a bipolar response as a function of frequency. Intuitively, one might
expect that a bipolar signal results from a complex target, because such a target is a collection
of even bounce and odd bounce scatterers which result in a combination of those terms given
in Equations (45) and (46). Equation (48) shows however, that these terms are frequency
independent. In fact, the minimum condition for achieving a bipolar response requires that the
target contain two even bounce scatterers and two odd bounce scatterers. Not only must these
four scatterers be present, but they also must be appropriately spaced in range, i.e., the two
odd bounce targets must be constructively interferring while the two even bounce targets are
destructively interferring, and vice versa. This seems a rather broad assumption on which one
presumes to be able to discriminate between a tank (complex target) and a decoy (single corner
reflector).

It was shown, however, that polarimetric processing does in fact provide a method of
obtaining a characteristic target spectrum (Fourier transform of the mixer signal) using
frequency agility. The characteristic frequencies depend on the range difference between
target reflectors, on the LFM bandwidth, and on the FM repetition rate (Equation (57)). If
targets and clutter have sufficiently unique range distributions for individual reflectors (for
example, a characteristic average inter-reflector distance), then clutter rejection and target
classification in frequency space may be possible.

It was also shown that, for clutter which can be characterized as depolarizing dipoles, a
reduction of the overall dc signal due to clutter results. There is evidence which does in fact
indicate that clutter depolarizes more than hard targets. It has been shown that, at microwave
frequencies, o../ 0., is ~ 4 dB for distributed clutter (trees) and 8 - 10 dB for vehicles [3]. This
clutter rejection occurs, however, in the dc terms which are frequency independent. If the
desired target/ clutter discriminants are the frequency spectra due to frequency agility, it is not
clear to what extent this “clutter rejection™ enhances the signal to noise ratio in the frequency
domain.

Finally, it was shown that target/clutter discrimination based on the Fourier transform of
the received signal is not indigenous to polarimetric processing; the technique can be realized
using linearly polarized radar. Inshort, there are two entirely separate effects involved in the
system model:
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e Polarimetric processing which results in rejection of dipole-like clutter.

e Frequency agility which creates the possibility of characterizing targets in frequency
space due to interference effects.
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